HF, Re-Hospitalization and CV Death
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To identify the patients at high risk for re-hospitalization or CV death, stratification of risk for mortality or morbidity among all of the available clinical parameters is necessary in a clinical cohort study of CHF patients, but such trials have not been performed. Therefore, it is necessary to identify useful markers to help CV physicians identify HF patients that have a high long-term risk of events at the time of discharge.
To identify such useful predictors, we conducted an analysis of clinical data in a hospital-based registry of ADHF patients to identify factors related to either long-term CV death or re-hospitalization for HF in CHF patients who mainly suffered from dilated cardiomyopathy (DCM) and who were admitted with ADHF.
Methods
Subjects
This study was conducted in accordance with the Declaration of Helsinki and received approval from the ethics committee of the National Cerebral and Cardiovascular Center. Consecutive patients who had a discharge diagnosis of ADHF were eligible for entry into the hospital registry. Data were analyzed for 251 consecutive patients admitted to the National Cerebral and Cardiovascular Center (Suita, Japan) between December 2008 and December 2009 because of ADHF (New York Heart Association class III-IV). Patients who died in hospital or who did not have complete clinical data at discharge were excluded. If HF was not the reason for hospitalization, the patients were also excluded. Patients with CHF caused by chronic kidney disease or acute renal failure and with hemodialysis were excluded. We discontinued follow-up in April 2011. The demographic profile, medical history, medications at discharge, laboratory test results, echocardiography findings, and clinical outcomes were obtained from the hospital registry. We recorded blood pressure (BP) 3 times and averaged them on the day of discharge. A fasting blood sample was obtained before discharge after an overnight fast (10-12 h) for measurement of plasma brain natriuretic peptide (BNP) and serum blood urea nitrogen (BUN), creatinine (Cr), aspartate aminotransferase, alanine aminotransferase, total bilirubin, uric acid, sodium, potassium, and fasting blood glucose (FBG). Estimated glomerular filtration rate (eGFR) was calculated as: 194×age -0.287 × serum Cr -1.094 (×0.739 if female). HTN was defined as present in patients with (1) a history of hypertension or (2) a systolic BP (SBP) ≥140 mmHg or diastolic BP (DBP) ≥90 mmHg. Patients with a history of diabetes mellitus (DM) or an FBG ≥126 mg/dl were defined as having DM. Hyperlipidemia was defined as total cholesterol ≥200 mg/dl or triglycerides ≥150 mg/dl.
Endpoints
The primary endpoint was either CV death or re-hospitalization for HF, and these endpoints were analyzed on a time-to-event basis. All outcomes were decided by 3 cardiologists. Re-hospitalization was defined as a new admission for HF after discharge from hospital following admission for ADHF. CV death was defined as death from CV disease. If re-hospitalization or death did not occur, the date of censoring was the date of final follow-up. Follow-up was continued until 30 April 2011.
Statistical Analysis
Results are expressed as the mean ± SD or as percentages.
Students' t-test was used to compare differences between groups for continuous variables and the chi-square test was used for categorical data. If data had a skewed distribution, including BNP, logarithmic transformation was done before statistical analysis. Cox proportional hazards regression analysis was used to evaluate the association of variables with re-hospitalization or CV mortality. Re-hospitalization due to HF and CV mortality event-free curves were drawn using the Kaplan-Meier method and were compared using the log-rank test. Analysis was performed with SPSS version 12.0 (SPSS, Chicago, IL, USA) and STATA version 11.0 (College Station, TX, USA). P<0.05 was considered statistically significant.
Results
Of the 251 patients enrolled, 21 were excluded due to incomplete data and 5 were excluded because of death in hospital, leaving 225 patients for analysis. Table 1 lists the baseline characteristics of these patients. Clinically relevant features of the re-hospitalized group included a high prevalence of DM, high BUN, low serum sodium, low eGFR, high percentage of use of diuretics (except spironolactone), and low DBP. The difference in plasma BNP according to re-hospitalization was borderline significant. Patients who succumbed to CV death were older, had low DBP, high plasma BNP and BUN, and low serum sodium. There was no difference in prevalence of etiologies according to re-hospitalization or CV death. There was no difference in the prevalence of aortic regurgitation according to re-hospitalization (6.3% vs. 8.0% P=0.80). The BUN/Cr ratio and the prevalence of BUN/Cr >10 did not differ according to re-hospitalization. The patients who succumbed to CV death had a higher BUN/Cr. The prevalence of BUN/Cr >10 did not differ according to CV death. The dose of furosemide was higher in patients with re-hospitalization and CV death.
To obtain the cut-offs for these parameters, receiver operating characteristic (ROC) curve analysis was used, and 22.5 mg/dl, 2.4 pg/ml (250 pg/ml), 60 mmHg and 137.5 mmol/dl appeared to be optimal cut-offs to create dichotomous variables for valves of BUN, log BNP (plasma BNP), DBP and serum sodium, respectively. The selection of cut-offs was challenging due to the large decreases in specificity as sensitivity increased. Although the furosemide dose in patients with BUN ≥22.5 mg/dl was higher than in those with BUN <22.5 mg/dl (45.8±35.9 mg vs. 30.3±19.9 mg, P=0.001), there were no differences in the doses of spironolactone, torasemide and trichlormethiazide (spironolactone: 28.9±12.1 mg vs. 28.3±11.6 mg, P=0.77; torasemide: 8.9±8.6 mg vs. 5.1±2.0 mg, P=0.16; trichlormethiazide: 1.6±0.7 mg vs. 1.6±0.5 mg, P=0.79).
The Cox proportional hazards model showed that BUN, DBP, and plasma BNP were independent predictors of re-hospitalization ( Table 2) . Hazard ratios (HR) for the endpoint of rehospitalization indicated that BUN, DBP, and BNP were significantly associated with readmission for HF (unadjusted HR, 1.02; 95% confidence interval [CI]: 1.01-1.03; unadjusted HR, 0.96; 95% CI: 0.94-0.98; unadjusted HR, 1.62; 95% CI: 1.08-2.43, respectively). Also, these 3 variables remained significant (adjusted HR, 1.02; 95% CI: 1.00-1.03; adjusted HR, 1.85; 95% CI: 1.12-3.04; and adjusted HR, 0.97; 95% CI: 0.94-1.00, respectively) even after adjusting for age, gender, SBP, serum Cr, serum sodium, DM, HTN, hyperlipidemia, and use of β-blockers, angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), spironolactone, and other diuretics. When BUN, BNP, and DBP were incorporated as continuous variables, we found that there was a 2% increase in the risk of re-hospitalization for every 1-mg/dl increase in CHEN CY et al.
BUN, as well as an 8.5% increase in risk for every 1-pg/ml increase in BNP. There was also a 3% decrease in the risk of re-hospitalization for every 1-mmHg increase of DBP. We found that adjusted odds ratio (OR) of BUN ≥22.5 mg/dl vs. <22.5 mg/dl, log (BNP) ≥2.4 pg/ml vs. <2.4 pg/ml (BNP ≥250 pg/ml vs. <250 pg/ml) and DBP ≥60 mmHg vs. <60 mmHg were 1.58 (95% CI: 1.01-2.49, P=0.047), 1.57 (95% CI: 1.05-2.43, P=0.03) and 0.57 (95% CI: 0.36-0.91, P=0.02) after adjustment for the aforementioned parameters. In contrast, only BUN was associated with a significant increase of CV death (unadjusted HR, 1.03; 95% CI: 1.02-1.04), and this association remained significant (adjusted HR, 1.05; 95% CI: 1.01- Data given as mean ± SD or n (%). ACEI, angiotensin-converting enzyme inhibitor; ADHF, acute decompensated heart failure; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; AST, aspartate aminotransferase; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; Cr, creatinine; CV, cardiovascular; DBP, diastolic blood pressure; DCM, dilated cardiomyopathy; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate (194×age -0.287 × serum Cr -1.094 (×0.739 if female)); FS, fractional shortening; HCM, hypertrophic cardiomyopathy; HF, heart failure; HR, heart rate; HTN, hypertension; ICM, ischemic cardiomyopathy; LVDd, left ventricular diastolic diameter; LVDs, left ventricular systolic diameter; SBP, systolic blood pressure; VHD, valvular heart disease. HF, Re-Hospitalization and CV Death 1.09) after adjustment for the aforementioned parameters. When BUN was incorporated as a continuous variable, we found that it was the strongest predictor of CV mortality and that there was a 5% increase in the risk of CV death for every 1-mg/dl increase in BUN. In contrast, serum Cr was not an independent predictor of either re-hospitalization or CV death. When the Cr was replaced by eGFR in the regression model, the OR of eGFR was 1.00 (95% CI: 0.99-1.00, P=0.26). eGFR was not found to be an independent predictor of re-hospitalization in the present study.
Given that BUN was found to be a shared and strong predictor of both CV death and re-hospitalization for HF, we stratified the patients according to serum BUN level to examine whether the predictive value of BUN overcame the predictive value of plasma BNP or DBP. We divided the patients according to the BUN cut-off of 22.5 mg/dl, thus obtaining low BUN (<22.5 mg/dl) and high BUN (≥22.5 mg/dl) subgroups. We also divided the patients into 2 groups according to log (BNP) = 2.4 pg/ml (BNP, 250 pg/ml) to obtain a low BNP subgroup (<250 pg/ml) and a high BNP subgroup (≥250 pg/ml). Furthermore, we divided the patients into 2 groups at the cut-off DBP of 60 mmHg to obtain a low DBP subgroup (<60 mmHg) and a high DBP subgroup (≥60 mmHg). Kaplan-Meier curves for re-hospitalization were plotted for groups with BUN above or below the mean and log BNP above or below the mean (Figure 1) . The low BUN + low BNP subgroup had a significantly lower re-hospitalization rate compared with the high BUN + high BNP subgroup, the high BUN + low BNP subgroup, and the low BUN + high BNP subgroup (log-rank test, P=0.001, 0.001, and 0.001, respectively). Kaplan-Meier curves for rehospitalization were also plotted for the groups with BUN above or below 22.5 mg/dl and DBP above or below 60 mmHg (Figure 2) . As a result, the low BUN + high DBP subgroup showed a significant decrease of re-hospitalization compared with the low BUN + low DBP subgroup and the high BUN + low DBP subgroup (log-rank test, P=0.04 and <0.001, respectively).
Furthermore, Kaplan-Meier curves for re-hospitalization were plotted for groups with BNP above or below 250 pg/ml and DBP above or below 60 mmHg in the high BUN subgroup ( Figure 3A) and in the low BUN subgroup (Figure 3B) . In the high BUN (A) Kaplan-Meier plots for re-hospitalization event-free curves according to different combinations of brain natriuretic peptide (BNP) and diastolic blood pressure (DBP) levels in the low blood urea nitrogen (BUN) subgroup (<22.5 mg/dl). All participants were divided into 2 groups according to the cut-offs for BNP (250 pg/ml) and DBP (60 mmHg). Cumulative re-hospitalization event-free rates in the low BNP + low DBP subgroup (n=18), low BNP + high DBP subgroup (n=50), high BNP + low DBP subgroup (n=18), and high BNP + high DBP subgroup (n=26) were 21.8%, 37.0%, 15.2% and 36.5%, respectively (log-rank test, P=0.001). (B) Kaplan-Meier plots for re-hospitalization event-free curves grouped according to different combinations of BNP and DBP levels in the high BUN subgroup (≥27.9 mg/dl). All participants were divided into 2 groups according to the mean of BNP (2.33 pg/ml) and DBP (61 mmHg). Cumulative re-hospitalization event-free rates in the low BNP + low DBP subgroup (n=28), low BNP + high DBP subgroup (n=32), high BNP + low DBP subgroup (n=23), and high BNP + high DBP subgroup (n=30) were 20.1%, 47.4%, 20.1% and 48.2%, respectively (log-rank test, P=0.005). HF, Re-Hospitalization and CV Death subgroup, the low BNP + high DBP subgroup showed a significant decrease of re-hospitalization compared with the low BNP + low DBP subgroup and the high BNP + low DBP subgroup (log-rank test, P=0.006 and <0.001, respectively). In the low BUN subgroup, the low BNP + high DBP subgroup showed a significant decrease of re-hospitalization compared with the high BNP + high DBP subgroup and the low BNP + low DBP subgroup, and the high BNP + low DBP subgroup (log-rank test, P<0.001 and 0.009 and 0.002, respectively). The ROC curve data showed that BNP superimposed on the existing BUN level expanded the model from 0.622 to 0.6434 (P=0.38) and DBP superimposed on the existing BUN level expanded the model from 0.6321 to 0.6809 (P=0.12; Figure 4 ).
Discussion
This study has shown that high serum BUN, high plasma BNP, and low DBP are all associated with re-hospitalization for HF, while high BUN was the only predictor of CV death in patients with ADHF. These 3 clinical parameters may be useful for predicting the outcome for patients with HF, and as markers of the response to treatment. Because high BUN blunted the predictive value of plasma BNP and DBP, there was a hierarchy of predictive power for these 3 parameters and BUN was tightly associated with future CV events in patients admitted for ADHF. In fact, high BUN was associated with an increased rate of re-hospitalization for HF irrespective of either BNP or DBP.
In the present study, the majority of enrolled patients had DCM, suggesting that the present conclusion may be more applicable to patients with DCM. Indeed, the prevalence (76.9%) of DCM in the present study was greater than in the Japanese Cardiac Registry of Heart Failure in Cardiology (JCARE-CARD) study (24.0%), 6 suggesting that the severity of HF in the present study was higher than average. Therefore, the present results may be more applicable to patients with DCM. Indeed, the Beta-blocker Evaluation of Survival Trial (BEST) study showed that low survival rate is associated with elevated BUN in patients with compensated chronic HF caused by primary or secondary DCM and a left ventricular ejection fraction (LVEF) ≤35%, 7 which is consistent with the present study. In contrast, according to the Acute Decompensated Heart Failure National Registry (ADHERE), the best single predictor of in-hospital death was high BUN (≥43 mg/dl) among 39 variables tested. 8 These results are in agreement with the present findings. An increase of BUN has been found to be a better predictor of mortality and re-hospitalization than the serum Cr level or the GFR in recent studies, 9,10 and these findings were also consistent with the present ones. We assessed CV mortality, however, while other studies investigated all-cause mortality, 7,9,10 so the present data suggest that abnormal renal function may cause deterioration of cardiac function that results in CV death. In patients with HF, low cardiac output decreases renal blood flow and GFR, leading to an increase of urea and thus BUN, so a low cardiac output is linked to high BUN. BUN may also be affected by intestinal function, nutritional status such as protein intake or systemic catabolism, and neurohumoral factors. For example, arginine vasopressin influences reabsorption of urea in the collecting tubule, 11 and norepinephrine has been reported to be increased in patients with BUN >21.0 mg/dl. 12 Therefore, the pathophysiological role of BUN may be different from that of serum Cr or GFR, and BUN may be a specific and independent biomarker of re-hospitalization and CV death in patients with ADHF because higher BUN is linked with CV death in HF patients. The BUN concentration is not only influenced by tubular re-absorption of urea in the kidneys, but also by protein intake and systemic catabolism, so high BUN may be related to multiple aspects of the pathophysiology of CHF.
The present study has indicated that high BNP and low DBP are also associated with a higher risk of re-hospitalization. Cheng et al found that BNP <430 pg/ml at the time of discharge was a strong negative predictor of re-hospitalization, 13 and the Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbations of Chronic Heart Failure (OPTIMIZE-HF) study showed that the BNP level at discharge was the best predictor of 1-year mortality and/or re-hospitalization among older patients (≥65 years) hospitalized with HF. 14 Increase in BNP is useful for predicting cardiac events in stable outpatients with non-ischemic chronic HF. 15 Logeart et al found that when HF patients have a 70% prevalence of systolic dysfunction of LVEF (<45%), high BNP at pre-discharge assessment is a strong, independent marker of death or re-admission after decompensated congestive HF, 16 which is also consonant with the present result that the prevalence of DCM with systolic dysfunction was 76.9%. In addition, Javaheri et al reported that low DBP was associated with worse survival in patients with HF and a decreased ejection fraction. 17 Moreover, the Framingham study showed that DBP was negatively correlated with coronary heart disease and mortality in subjects >60 years old, 18 while DBP ≤60 mmHg was associated with higher CV mortality in patients with systolic hypertension aged >70 years. 19 Because low DBP impairs coronary blood flow during diastole, it could cause myocardial ischemia and the progression of HF. The present study provided similar results to these findings mentioned here.
In contrast, the OPTIMIZE-HF trial showed that a lower SBP at admission was 1 of the predictors for the combined endpoint of death or re-hospitalization within 60-90 days after discharge. DBP, however, was not included among the candidate variables. 20 The Canada community-based study indicated that a lower SBP was a predictor of mortality among elderly patients with HF. 21 The reasons why we found DBP to be a predictor of re-hospitalization in the present analysis are as follows: (1) DBP was not assessed in some other studies; (2) the present patient cohort (aged 67.2±15.2 years) was younger than the Canada HF patient cohort (aged 75.3±11.8 years) and the OPTIMIZE-HF cohort (aged 73.1±14.2 years); and (3) the mean SBP of the present patients at discharge (112.2±16.3 mmHg) was lower than that of the Canada HF cohort (148±34 mmHg) or the OPTIMIZE-HF cohort (124.3±24 mmHg). The present finding that a low DBP may increase the re-hospitalization rate indicates that DBP can be an important predictor of rehospitalization provided that SBP is not high. Although the reason for the association of DBP with re-hospitalization for HF still needs to be elucidated, careful BP monitoring is necessary in patients with HF.
We found that BUN, DBP and plasma BNP are important predictors of re-hospitalized HF, and further consideration of what this result means, is needed. First, the prevalence (76.9%) of DCM in the present study was greater than in the JCARE-CARD study (24.0%), suggesting that the degree of HF in the present study was higher than average. Severe HF causes renal dysfunction, which may increase BUN, suggesting that high BUN is linked to the severity of HF and, as suggested by cardio-renal syndrome, the correction of BUN may become a target for HF treatment using ACEI or ARB. [22] [23] [24] [25] In the BEST study, the use of high-dose loop diuretics (total daily dose ≥160 mg furosemide equivalents) was associated with significantly increased mortality in patients with BUN >21.0 mg/dl. 7 Patients with a more severe degree of HF generally received larger doses of loop diuretics and were required to evaluate volume management strategies. This is in agreement with the present study ( Table 1 ). In addition, the measurement of plasma BNP has been useful to determine the severity of HF because BNP is secreted in response to ventricular wall stress. 26 Indeed, β-blockers are known to affect plasma BNP, and Matsumura et al indicated that low-dose regimens of ACEI/ ARB or β-blockers have favorable effects on the prognosis of Japanese patients with DCM. 27 The decreasing of plasma BNP would be an excellent strategy in the treatment of HF patients. In contrast, lower DBP may be the result of altered peripheral arterial capacitance or resistance and low cardiac output due to HF. Low DBP can be a surrogate marker of HF severity but does not appear to be an appropriate target or guide for HF treatment.
Study Limitations
The main limitations of this study were its retrospective design and observational nature. As is the case for all retrospective analyses, it is possible that unrecognized or recognized confounders influenced the results despite adjustment for various factors. Various factors that can alter BUN level, such as medication dosage, cachexia, a high protein diet, and muscle wasting, were not assessed. Thus, prospective studies are needed to establish the predictors of re-hospitalization and CV death such as BUN or DBP. We used serum Cr as a surrogate marker of renal function. The Cockroft-Gault and Modification of Diet in Renal Disease (MDRD) formulae for eGFR incorporate age and gender to account for differences in muscle mass. Because these factors were included in the present regression model, the predictors might have cancelled each other out, so we used the serum Cr level as was done in the OPTIME-CHF trial. Also, Smilde et al compared GFR estimated using different formulae with measured GFR in patients with systolic HF and found that all formulae had inaccuracies, 28 therefore we used serum Cr instead of eGFR.
